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Table 1. hlean dail! dr! matter (D\II) and metabolizable energ! (\IEI) consumed for cattle fed 
feedlot diets and exposed to thermone~~tral (TNL) or hot (HOT) en\ ironmental coliditions 
(EN\ )". 
ENV: TNL HOT 
Feeding regime: AM PM SP AM PM SP 
DMI. lb/da>" 16 11  16 1 9  16 1 9  15 81 11  31 16 67 
MEI. mcal/dayb 21.3 21.8 21.8 20.9 18.9 22.1 
MEI. % BWcd 3.46 3.59 3.60 3.42 3.00 3.50 
"The AM and PM fed d~ets  conta~ned 14% roughage \\li~le SP d ~ e t  conta~ned 30% roughage durlng 
mor~li~lg feeding and 6% roughage during after~loo~l feeding. 
b~eed ing  regimens differ. P < . I  0. 
CExpressed as a % of body n-eight: TNL vs HOT. P < . l o .  
dENV by feeding regimen interaction. P < . l o .  
be elevated during heat load, the lower 
pulse rate for the hot group at 0900 h, 
when the steers were not exposed to 
heat load, corresponds to the lower 
DM1 (%BW) and ME1 (%BW) of the 
hot group. 
Data suggest that under hot condi- 
tions, minimum body temperature may 
have a greater influence on subsequent 
intake than previous maximum body 
temperature. Cattle consuming large 
quantities of feed afternoon may not 
experience the degree of body tempera- 
ture reduction normally associated with 
night-time cooling. In this study, THI in 
the hot room did not go below 74 (76" F 
and 80% RH). Nighttime values which 
are less than these or several hours of 
conditionsnearTH1 of74may be needed 
if cattle are to consume greater portions 
of their diet at night. By split feeding 
under hot conditions, DM1 tended to be 
as great or greater than under any 
therinoneutral diet regimen. Intakes 
(%BW) were able to be maintained and 
not reduced. as is usually the case under 
heat load. Intakes appear to be main- 
tained as a result of lower mean and 
minimum body temperature. However. 
additional research is needed regard- 
ing split feeding regimen before 
being considered for use under prac- 
tical feedlot conditions. 
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Summary 
Individztall~~ fed feedlot cattle were 
exposed to excessive heut loud (HOT) 
or t/7ern7oneutrul (TNL) conditions 
1t,/7ile being stepped-zip to a finishing 
diet 641 decreasing roughage fi.onz 55 
percent to 10 percent in the diet. At 10 
percent roughage, heut exposztre re- 
sulted in redz~ced  nzetabolizable 
energ) intake (MEI), dry nzatter intake, 
and pulse rate. HoIi,ever, over the 
entire trial, pulse rates tended to be 
injlzlenced more by MEI than envi- 
ronnzental conditions. Data indicate 
that intakes of individz~ally fed cattle 
u,ere maintained u.hen 40 and 25 
percent roz~ghage diets u,ere fed. 
Hoit,ever, significant declines in  
intake It>ere ,foztnd in cattle stepped- 
zip to 10 percent rozlghage diets 1t,/7en 
exposed to increasing levels qf exces- 
sive /?eat loud. 
Introduction 
Environmental discomfort in the 
form of excessive heat load (EHL) can 
represent a sizeable economic loss to 
cattle feeders through reduced perfor- 
mance and, in extreme cases. death of 
feedlot animals. Problems in managing 
cattle exposed to EHL are fui-ther coin- 
plicated if cattle have to cope with other 
stressors. such as adaptation to high 
energy (HE) finishing diets. The objec- 
tives of this research were to evaluate 
cattle exposed to EHL while being 
stepped-up to HE feedlot diets. 
Procedure 
A metabolism trial was conducted 
during late spring and early summer at 
the University of Queensland, Gatton 
College, Department of Animal Pro- 
duction facilities. SixBos taztrzts (Here- 
ford) steers were randomly assigned to 
individual stalls (9.8 ft x 3.3 ft). The 
metabolism unit had been divided into 
two separate rooms, each containing 
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Table 1. Composition of diets. 
Period 
Ingredient. % o f  DM 
Barle! 
S o r g h ~ ~ m  
Alfalfa ha) 
Oat ha) 
Supplementa 
Calculated nutrlellt content % of DM 
Dr) matter 90 0 90 0 90 0 90 0 
Crude proteln I3 i 13 4 13 4 13 4 
Calc~um 5 5 5 7 60 63 
Phosphorous 31 39 12  11 
Roughage 55 0 40 0 25 0 10 0 
R~lrnens~n glton I5 0 25 0 25 0 25 0 
NEg mcallcn t 43 6 48 6 54 i 60 i 
"Fed In dr) form and contalned proteln m~nerals \ Itamlns and R~~mensln 
three stalls. The rooms were separated 
by an insulated partition. One room had 
the capability of being heated to tem- 
peratures above 100°F (HOT) while the 
other room could be maintained at or 
near thermoneutral (TNL) conditions. 
Before entering stalls. steers (mean 
weight = 527 Ib) were accustomed to 
tying over a 30-day period. Steers were 
brought into stalls and fed a 55 percent 
roughage diet (Table 1) 10 days before 
trial initiation. During the trial, steers 
were fed 40.25. and I0 percent rough- 
age diets for 5. 5, and 7 days, respec- 
tively. over a 17-day period. During 
that time, the HOT group of steers was 
exposed to EHL by heating the HOT 
rooin from approximately 72°F begin- 
ning at I000 hr, to temperatures around 
Table 2. hlean climatic conditions and temperature-humidit) index (THI) associated nith feedlot 1 OOOF between 1400 and 1900 hr. 
cattle fedadaptation dietsandexposed to thermone~~tral (T\L)or hot(HOT)en\ironments. 
~ l ~ h ~ ~ ~ h  test rooln temperature treat- 
E m  lronment TNL HOT ments were imposed during the day. 
rooin temperatures were also influenced 
Diet perioda 1 2 3 Mean 1 2 3 Mean by and varied with outside conditions. 
76 1 78 1 82 6 79 3 pai-ticularly at night. A gradual cool- Temperat~~re. "F 85 3 87 1 92 1 88 7 down to TNL conditions was allowed at 
Relame h u m ~ d ~ t \ .  % 65 3 69 5 65 9 66 8 521 5 1 1  1 6 1  1 9 5  night to depict normal cyclical daily 
60 0 5 0 Results 
1 2 3 1 5 6 7 8 9 10 1 1  12 13 1 1  15 16 17 
temperatures. Over the entire study, the 
THI 72 6 71 6 77 9 75 1 778 7 9 0  8 1 8  797  TNL room peak temperature averaged 
aD~ets  fed ~nperiods 1.2. and 3 contained 40.25. and 10%roughage. DM basis andnere fed sequentiall! 82.40F during the afternoon. and tended 
5 5 and 7 da) s respectnel) to also follow a natural cyclical teln- 
perature pattern. 
Steers were fed once daily in the 
moining. Feed intake (DMI) and ine- 
Da\ As a result of changing outside am- 
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Figure 1. THI and D\II for cattle fed 40% roughage diet (daj 1-5), 25% roughage diet (da) 6-10), (Table 2 and Figure 1) were not able to 
'2 
and 10% roughage (da) 11-17) \\hen exposed to thermoneutral (TNL) or hot (HOT) be maintained throughout the trial, but 
en7ironmental conditions. (Continued on newt page) 
-- 
- -  
- -  
- -  
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- 3 0 0  tabolizable energy intake (MEI) were 
determined daily for each steer. Respi- 
ratory rate (RR) and pulse rate (PR) 
were measured daily at 1600 hr on each 
25 0 steer. Body temperature (BT) was ob- 
tained via an 8-inch rectal probe with a 
6 thermistor mounted in the tip: BT were 
- 20 0 8 taken at ten-minute intervals for the 
Y duration of the trial using a data logger. 
- 2 Pulse rate was determined via a pulse 
5 monitor attached to an ear clip sensor. 
-- 1 5 0  5 
A baseline PR was determined for each 
h 
steer by averaging six readings taken 
over the last four days of the pre-trial 
-- 1 0 0  period while the steers were on the 55 
percent roughage diet. 
'able 3. hlean dr) matter intahe (D\II), metabolizable energ? intahe (\lEI), respirator? rate(RR), 
pulse rate (PR), change from baseline PR (PRCHG), and bod) temperature (BT) for 
feedlot cattle fed adaptation diets and exposed to thermone~~tral (TNL) or hot (HOT) 
en1 ironmental conditions (ENVC'ON)". 
Diet period: 1 2 3 
ENVCON: TNL HOT TNL HOT TNL HOT 
DM1 Iblda) 1 3 4 Y  13 56c 14 33" 14 40d 13 47C 1 1  00" 
ME1 mcalida) 15YSc 16 IdC 18 l I d  1820d 1805" 1 4 7 8  
RR. breaths1111111 i gb 109d 6Jb 132e 80c 13 ie  
PR beatslmln ~7~ 92bC 96'" 93b 102* ~6~ 
PRCHG % 2 9b 8 lbc 1 2 0 ~ "  1 0 2 ~ ~ ~  1 ~ 2 ~  2 7b 
BT "F 1033b 1033b 103Sbc 1 0 1 5 ~ "  1017d 105be 
"Diets contalned 1 0  25 and 10% roughage and \\ere fed sequentlall) for 5 5 and 7 da) perlods 
respect11 el) 
b C d r ~ e a ~ i s  In a r o u  ~11th d~tferent superscripts d~ t te r  (P < 05) 
increased fi-oin period one to period 
three in both TNL and HOT rooms by 
6.5 F" and 6.8 F". respectively. Mean 
temperature humidity index (THI) was 
4.3 (75.4 vs 79.7) units greater in the 
HOT room. Peak THI averaged 72.4, 
75.2. and 79.6 in the TNL room and 
83.8.84.7. and 88.1 in the HOTroom in 
periods I .  2. and 3. respectively. 
During periods 1 and 2 (Table 3 and 
Figure 1). when steers were fed 40 
percent and 25 percent roughage diets. 
respectively. DM1 and ME1 were unaf- 
fected by EHL. When the 10 percent 
roughage diet was fed (period 3). DM1 
and ME1 were decreased significantly 
(P < .05) for the steer group in the HOT 
rooin even though steers were exposed 
to EHL for 10 days previously. Respira- 
toiy rates increased (periods 1 vs 3) 
with increases in energy density of the 
diet fed in both TNL and HOT treat- 
ments. However. PR increased only in 
the TNL treatment: the lowest PR oc- 
curred in the HOT treatment when DM1 
and ME1 were the lowest (period 3). 
Percent change. fi-om a baseline PR. 
followed a similar pattern. In the TNL 
treatment, PR tended to increase with 
each increase in energy density of the 
diet, while in the HOT treatment. PR 
tended to be indicative of MEI. As 
steers moved froin lower to higher en- 
ergy density diets, BT significantly (P 
< .05) increased in both TNL and HOT 
treatments. As expected. the greatest 
increase in BT occurred in the HOT 
treatment. The inability of an animal to 
dissipate or rapidly acclimate to added 
heat fi-om the diet most likely contrib- 
uted to the decline in DM1 for cattle fed 
the 10 percent roughage diet in the HOT 
treatment. 
Pre-trial baseline temperatures. while 
cattle were fed the 55 percent roughage 
diet in the stalls. averaged 102.3"F for 
both HOT and TNL treatments. Normal 
rectal BT. forthe cattle typeused, should 
average 101.5 i 1°F. During the trial, 
average steer BT ranged between 103.3 
to 105.6"F. There was no evidence of i l l  
health in the steers during the trial: 
intakes (DMI) remained between 2.1 
and 2.7 percent of body weight. The 
increase in ambient temperatures of 
< .5 FO/day, on the average. during the 
trial may have also contributed to an 
102 
e e e e c Q Q Q Q Q c c c c Q Q Q Q Q ~ ~  
c N - N N N ~ N ? N ? N ? N - ~ ? ~ ? ~ ? c . ' ? * C * - * ? ~ ~ ? ~ ~ ~ . - ? - C - - - N -  
c r - o C m z = "  -t"tczC-N"o-n*tp> N N N N  
Tillle and Dail! Quarter 
Figure 2. Rectal temperatures for steers fed 10% roughage diet (period 1-da? 1 through 5). 
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Tlllle and Dail! Quarter 
Figure 3. Rectal temperatures for steers fed 25% roughage diet (period 2-da? 6 through 10). 
increase in BT: although this gradual 
change in normal ambient temperature 
should have minimal effect on BT. In- 
creasing dietaiy energy density, by de- 
creasing roughage level from 55 percent 
to 10 percent, increased BT over 2 FO 
(102.3 vs 104.7) in the TNL treatment. 
The higher roughage diets (225% of 
diet DM) are lower in metabolizable 
energy density, appear to contribute 
less to metabolic heat load, and thus 
appear to allow for lower peak BT. 
Once cattle are adapted to high energy 
diets. the extent to which BT retuins to 
previous normal BT is not known. Feed- 
ing higher energy diets would appear to 
make cattle more susceptible to EHL, 
particularly as they are being stepped- 
up or adapted to high energy diets. 
Figures 2 through 4 display the 24-hr 
BT pattern associated with cattle ex- 
posed to EHL and fed 40 percent, 25 
percent and 10 percent roughage diets, 
respectively. Although THI was simi- 
lar between periods 1 and 2, dramatic 
differences are apparent in the relative 
shape of the BT curves. Ranges and 
magnitude in BT were similar between 
TNL and HOT treatments when a 40 
percent roughage diet was fed (Figure 
2). When 25 percent (Figure 3) and 10 
percent (Figure 4) roughage diets were 
fed, differences (P < .05) in maxiinurn 
and minimum BT were observed be- 
tween HOT and TNL treatments fi-om 
120 1 to 1800 hr and 180 1 to 2400 hr. 
Although ranges in BT increased as 
higher energy density diets were con- 
sumed. differences in BT ran, ue were 
not found between TNL and HOT treat- 
ments. 
The four quarterly periods for the 
HOT treatment roughly correspond to a 
transition period (Quarter 2) fi-oin night- 
time cool-down to day heating, in- 
creased BT period associated with heat 
stress (Quarter 3), transition from day- 
time heat to nighttime cool-down (Quar- 
ter 4), and nighttime cooling (Quarter 
1). For the TNL treatment, the periods 
are similar except Quarter 3 and 4 both 
represent an increase in BT with no 
transition prior to nighttime cooling 
being present. In all feeding periods, 
lower or nearly equal BT (Quarter 1) 
were found in the HOT treatment dur- 
ing the initial poi-tion of nighttime cool- 
ing compared to the TNL treatment. 
This may be aresult ofthe overcompen- 
sation of physiologic and metabolic 
processes associated with reducing BT 
as opposed to the TNL treatment. in 
which BT during nighttime cooling 
tended to remain stable froin midnight 
then drop-off beginning around 400 hr, 
pai-ticularly for steers fed 25 percent 
and 10 percent roughage diets. 
In the TNL treatment. continued 
metabolisin of ingested feed, at a time 
when the steers are lying down (reduc- 
ing surface area exposure and dissipa- 
tion ofheat). possibly explains the slight 
rise in or maintenance of BT after mid- 
night. As digestion of ingested feed 
diminishes, when the animal rises and 
exposes more body surface area to dis- 
sipate heat, and/or environmental tem- 
peratures decline, BT begins to decline 
during the latter part ofperiod 1. For the 
TNL treatment, BT tended to remain at 
a low point until mid to late morning 
(Quarter 2), or approximately 2 to 4 hr 
post-consumption of the AM feed 
(Cont~nued on newt page) 
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Ti~lle and Dail! Quarter 
Figure 1. Rectal temperatures for steers fed 10% roughage diet (period 3-daj 11 through 17). 
(Figures 3 and 4). Also, BT ofthe HOT 
treatment group was found to be as low 
or lower than BT of the TNL treatment 
group during some portion of quarter 2 
in both periods 1 and 2 (figures 2 and 3). 
This drop in BT in the HOT group to 
equivalent BT levels was not found in 
period 3 (figure 4). Obtaining BT levels 
in quarter 2. which are comparable to 
those in cattle fed under TNL con- 
ditions, may be needed for normal 
DM1 to be obtained in cattle exposed 
to excessive heat load. 
In conclusion, feedlot cattle (indi- 
vidually fed in metabolisin units) 
being adapted fi-oin 55 percent to 10 
percent roughage diets and exposed to 
EHL were able to maintain intake up 
to  the  25 percent roughage diet. 
even though BT was elevated fi-om the 
heat load. At 10 percent roughage. 
effects of increased dietary energy 
density in combination with EHL 
were sufficient to reduce DM1 and 
MEI. Increases in BT were found in 
cattle as they were stepped up from 
40 to 10 percent roughage diets under 
both TNL and HOT conditions. 
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